Weather and climate extremes often lead to dramatic losses in our society and warrant improvement of their understanding. In this study, the decadal variations in the first two dominant empirical orthogonal function (EOF) modes of winter extreme cold days (WECDs) in northern China (NC) have been investigated. Results show that both EOF modes show distinct decadal variations that together explain around 24% of total variances. At the decadal time scale, the EOF1 is closely related to the decadal Arctic Oscillation (AO); the negative AO can lead to spatially consistent increase of WECDs in NC. On the other hand, the decadal EOF2 can be influenced by the decadal El Niño-Southern Oscillation (ENSO). The decadal El Niño can result in the large-scale negative sea level pressure (SLP) anomalies in the Eurasian continent west of the western NC and the positive ones over western China. The anomalous southwesterlies between the contrasted SLP anomalies can advect the warmer air from the lower latitudes to the western NC, decrease the WECDs there, and contribute to the east-west asymmetric WECD anomalies in NC. The impacts of El Niño are confirmed by the numerical simulations in the Atmospheric Model 2.1 (AM2.1) when forced by the El Niño-related sea surface temperature (SST) anomalies in the tropical Pacific.
ing linearly with the increased greenhouse gases, while the extreme cod events are decreasing according to the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5) in 2014. The greater evaporation and surface drying due to the global warming enhance the intensity and duration of drought. Also, the increased water vapor in the atmosphere under the global warming as indicated by the Clausius-Clapeyron equation fuels the storms and causes more occurrences of heavy precipitation events and flooding (Trenberth, 2011) .
The extreme events in China have been investigated extensively. It has been shown that annual numbers of extreme cold day, extreme cold night and frost day are decreasing under the global warming, whereas those of extreme warm day and night are increasing (Zhai & Pan, 2003; You et al., 2011; Jiang et al., 2012) . The intensity of extreme precipitation is increasing nationwide, while the frequency and total area affected are decreasing (Zhai et al., 1999) . In the Yangtze River basin, both intensity and frequency of the extreme precipitation are increasing, and their tendencies will continue into the future as projected by the coupled models under different global warming scenarios. In contrast, the frequency of extreme precipitation is decreasing in central China, especially during the spring and autumn (Wang & Zhou, 2005) . Besides the linear trends, the extreme events in China also show substantial variations at the interannual and decadal time scales. The winter extreme cold days (WECDs) in northern China (NC) vary year by year (Yuan et al., 2019) and the drought in North China has significant decadal characteristics (Dai et al., 2005) .
To improve simulation and prediction skills of the extreme events for the better adaptation and mediation, it is essential to detect, attribute and model the large-scale drivers of the extreme events (Sillmann et al., 2017) . However, this has not been well resolved yet. Hence, the World Climate Research Programme (WCRP) regards the weather and climate extremes as one of the six grand challenges and promotes researches on their understanding, attribution, modeling and prediction. Recently, Yuan et al. (2019) investigated the major empirical orthogonal function (EOF) modes of the winter extreme cold days (WECDs) in NC and examined the large-scale circulation anomalies responsible for their interannual variations.
The NC is mainly a temperate monsoon climate. The climate is characterized by distinct seasons and cold winters. Everything in the world is inextricably linked. How does the Arctic climate change thousands of kilometers away affect NC? Is winter really colder? After we showed the insights about the importance of current work, we know that it is interesting to investigate the large-scale drivers of the decadal variations in EOF1 and EOF2 and compare them with those related to the interannual variations. The rest of content is organized as follows.
Section 2 presents the data and methods. The large-scale circulation anomalies related to the decadal variations in EOF1 and EOF2 are discussed in Sections 3 and 4. Section 5 gives the conclusions.
Data and Methods
The daily temperatures from 1951 to 2014 are adopted from 753 observation stations of China Meteorological Administration (CMA). The monthly National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis (Kalnay et al., 1996) , National Oceanic and Atmospheric Administration (NOAA) Global Historical Climatology Net-work_Climate Anomaly Monitoring System (GHCN_CAMS) Land Temperature Analysis (Fan & Dool, 2008) and Hadley Centre's sea ice and sea surface temperature (HadISST) of Met Office (Rayner et al., 2003) for the same period are also used.
As in Yuan et al. (2019) , the WECD at a station is defined as the day when the maximum daily temperature is lower than or equal to the threshold value that is defined as the 10th percentile of all winter daily maximum temperatures at that station during the base period of . The frequency of WECD in each winter at each station is thus counted. After removing the long-term mean and linear trend at each station, the major EOF modes of WECD frequency in NC are extracted as shown in Figure 1 Yuan et al. (2019) showed that the first EOF mode (EOF1) presents the spatially consistent anomalies (Figure 1(a) ), and co-occurrence of the strengthened Siberian high (SH) and the negative phase of Arctic Oscillation (AO) can lead to the increase of WECDs of EOF1. On the other hand, the second EOF mode (EOF2) depicts the east-west contrasted anomalies of WECD (Figure 1(b (Figure 2(b) ). Also, the WECD anomalies regressed on the decadal AO do show the significant increase over almost the whole NC (Figure 2(c) ). We note that at the interannual time scale, the negative AO is related to the increase of WECD in the eastern NC, while the strengthened SH is related to the increase of WECD in the western NC. Therefore, the co-occurrence of negative AO and strengthened SH can lead to the spatially consistent increase of WECD in NC (Yuan et al., 2019) . In contrast, at the decadal time scale, the large-scale circulation anomalies in the lower troposphere relevant to the negative phase of AO solely can cause the increase of WECD in almost the whole NC ( Figure  2(c) ). Comparing the spatial patterns of AO at the interannual and decadal time scales, it is clear that the spatial pattern of AO at the decadal time scale extends more southward at the sector of Eurasian continent and covers most region of SH (Figure 2(d) and Figure 2(e) ). Hence, the impacts of SH on the WECDs in NC at the decadal time scale are not independent to AO. The correlation coefficient between SH and EOF1 at the decadal time scale is 0.38, but after removing the co-variances with AO, their partial correlation coefficient becomes −0.15. In contrast, the partial correlation coefficient between AO and EOF1 at the decadal time scale after removing the co-variances with SH remains −0.74, still signifi-Journal of Geoscience and Environment Protection cant at the 99.99% confidence level. So far, it is not clear why the AO patterns at the interannual and decadal time scales are different especially at the sector of the Eurasian continent and this needs further investigation in our future study. (Figure 3(b) ). In addition, the WECD anomalies regressed on the decadal ENSO indices do show the significant decrease in the western NC (Figure 3(c) ).
The Large-Scale Circulation Anomalies Related to the Decadal Variations in EOF1

The Large-Scale Circulation Anomalies Related to the Decadal Variations in EOF2
We note that there are also significant SST anomalies in the tropical Indian
Ocean, which may be the response to the ENSO teleconnection in the boreal winter (Klein et al., 1999; Xie et al., 2009) .
To China are successfully reproduced. By the circulation anomalies, the warmer air is advected to the western NC and increases the SAT there (Figure 4(b) ). Consequently, reduction of the WECD in the western NC is also well simulated (Figure 4(c) ), confirming the observed impacts of the decadal ENSO on the decadal EOF2 (Figure 3(c) ).
We note that at the interannual time scale, the occurrence of weakened SH and the negative phase of AO significantly increases/decreases the WECDs in the eastern/western NC, exerting the east-west opposite impacts and contributing to the EOF2 (Yuan et al., 2019) . Whereas, at the decadal time scale, the contribution of decadal ENSO to the EOF2 is mainly through influencing the WECD anomalies in the western NC and thus increasing the east-west asymmetry in NC (Figure 3 (c) and Figure 4(c) ).
Conclusion
In the current study, the decadal variations in the first two dominant EOF modes of WECDs in NC have been investigated. The first mode reflects the spatially consistent anomalies in NC, while the second mode describes the east-west con- 
